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@ System for marking zones in a cellular service area. 

(g) Disclosed is a system for marking a plurality 
of zones within a cellular service area. A plurali- 
ty of marker transmitters disposed throughout a 
cellular area transmit a zone identification sig- 
nal to a mobile or portable cellular receiver. 
Each zone identification signal is transmitted in 
a radio frequency coverage area that is substan- 
tially coincident with the boundary of a zona 
The mobile unit attempts to receive the zone 
identification signal in order to determine 
whether it is in the zone. If the mobOe unit has 
determined it is in a zone, it transmits a signal 
on a reverse control channel to a cell site 
transceiver that in turn transmits a signal to a 
mobile telephone switching office. The mobile 
telephone switching office then can adjust the 
rate charged on a telephone call made by a user 
of the mobile unit based on the unifs location 
within the zone. The marker transmitters are 
programmed to transmit the zone identification 
signal during a predefined time slot so that 
more than one marker transmitter may simul- 
taneously transmit the zone identification sig- 
nal, thereby increasing the area in which the 
zone identification signal can be received by the 
mobae unit In order to reduce the area in which 
a zone identification signal may be received by 
a mobile unit, the marker transmitters may 
transmit a jamming signal at the same time as 
the zone identification signal is transmitted. 
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Field of the Invention 

The present invention relates generally to cellular 
telephone communication systems and, in particular, 
to a system for dividing a cellular telephone service 5 
area into a plurality of zones. 

Background of the Invention 

Due to relatively low cost and advancements in 10 
cellular radio technology, most metropolitan areas are 
now equipped with cellular telephone networks, sim- 
ilar to the system shown in FIGURE 1 . 

The cellular telephone system 10 includes a mo- 
bile telephone switching office (MTSO) 12 and a plur- 1$ 
alrty of cell site transceivers 14a- 14c. The cell site 
transceivers transmit radio signals to and receive ra- 
dio signals from one or more mobile units 16 that may 
move about a cellular service area 20. A mobile unit, 
as the term is used herein, refers to a cellular voice 20 
telephone or data receiver that can be permanently 
installed at a fixed location or within a vehicle or that 
can be portable. Each cell site transceiver 14 is able 
to broadcast and receive the radio signals within a 
geographic area 1 8 called the cell site coverage area. 25 
Together the areas 18 comprise the entire cellular 
service area 20. Typically, a cellular service area 
comprises a metropolitan area or larger region. 

When a telephone call to a called mobile unit 16 
originates from either another mobile unit or a land- 30 
based telephone via a public switched telephone net- 
work (PSTN) 25, a caller must first access the cellular 
telephone system 10. This is accomplished by dialing 
the mobile unit* s unique identification number (i.e., its 
phone number). The MTS0 1 2 receives such a call re- 35 
quest, and instructs a central call processor 17 to be- 
gin call processing. The central call processor 17 
transmits a signal over a dedicated line 19 (such as a 
telephone line or microwave link, etc.) to each of the 
cell site transceivers 14a-14c causing the cell site 40 
transceivers to transmit a page signal that locates the 
mobile unit 1 6. The page signal alerts a particular mo- 
bile unit 16 that it is being called by including as part 
of the page signal the paged mobile unifs identifica- 
tion or phone number. 45 

Each cell site transceiver 14 transmits the page 
signal on one or more dedicated forward control chan- 
nels that carry all pages, as well as control signals, 
channel assignments, and other overhead messages 
to each mobile unit The forward control channel is so 
distinct from the voice channels that actually carry 
voice communications between a mobile unit and an- 
other mobile unit or a land-based telephone. Each cell 
site transceiver may have more than one forward con- 
trol channel upon which pages can be carried. For 55 
clarity, however, this discussion will assume that 
each cell site transceiver has one forward control 
channel. 



When a mobile unit is not engaged in a telephone 
call, it operates in an idle state. In the idle state, the 
mobile unit win tune to the strongest available forward 
control channel and monitor that channel for a page 
signal or other messages directed to it Upon deter- 
mining that a page signal is being transmitted, the 
mobfle unit 16 again scans all forward control chan- 
nels so as to select the cell site transceiver transmit- 
ting the strongest signal. The mobile unit then trans- 
mits an acknowledgment signal to the cell site trans- 
ceiver over a reverse control channel associated with 
the strongest forward control channel. This acknowl- 
edgment signal serves to indicate to the MTSO 12 
which of the several forward control channels (asso- 
ciated with the several cell site transceivers 14a-14c) 
to use for further call processing communications 
with mobile unit 16. This further communication typ- 
ically includes a message sent to the mobile unit in- 
structing it to tune to a particular voice channel for 
completion of call processing and for connection with 
the calling party. The details of how the cell site trans- 
ceivers transmit the signals on the forward and re- 
verse control channels are typically governed by 
standard protocols such as the EIA/TIA-553 Specifi- 
cation and the air interface standards for Narrow 
Band Analog Mobile Phone Service (NAMPS) and 
similar air interface standards for digital communica- 
tions, all of which are well known to those of ordinary 
skill in the cellular telephone communications art and 
therefore will not be discussed. 

While cellular phones have been quickly em- 
braced by those people whose business requires 
them to travel frequently and to be in constant contact 
with their clients, many individuals are discouraged 
from utilizing present cellular telephone systems. The 
main reason for this discouragement is the relatively 
high price charged by the cellular service providers 
for a cellular telephone call. In conventional land- 
based telephone systems, the price of a telephone 
call can be tailored to reflect the supply and demand 
of the telephone resources available to a given area 
For example, in large metropolitan areas or financial 
districts where telephone traffic and the cost of pro- 
viding service is high, users can expect to pay more 
for a call than in a residential area where fewer calls 
are made. However, with current cellular technology, 
like the cellular telephone system shown in FIGURE 
1, the cellular service user has no way of knowing 
where in the cellular service area the user is. There- 
fore, cellular service providers have had difficulty cre- 
ating services that require a user to know his location 
within the ceDular service area. 

Consequently, a need has developed to provide 
a system that allows a user to determine whether he 
is in a particular predefined zone within the cellular 
service area and to convey that information to the cel- 
lular service system. It is further desirable that such 
a system be compatible with existing cellular technol- 
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ing the variable passwords, fraudulent use of the 
zone marking system is restricted. 

5 Brief Description of the Drawings 



ogy and should not degrade the operation of an ex- 
isting cellular system. Finally, such a system should 
neither require the allocation of more radio frequen- 
cies than are currently allocated to cellular telephone 
systems, nor require a substantial portion of existing 
cellular frequencies. 

Summary of the Invention 

According to the present invention a system for 
marking a predefined zone within a cellular service 
area and for determining whether a mobQe unit is in 
a particular zone is disclosed. The system comprises 
a plurality of marker transmitters located throughout is 
the cellular service area. A marker signal is transmit- 
ted by one or more marker transmitters such that the 
marker signal can be received by a mobile unit in a ra- 
dio frequency coverage area that is substantially co- 
incident with the boundaries of the zone. Included in 20 
the marker signals are zone identification signals that 
are unique to each zone in the cellular service area. 
The mobile unit is preprogrammed with the zone iden- 
tification signal for one or more particular preselected 
zones. Each mobQe unit monitors a marker channel to 25 
receive the marker signals transmitted by the marker 
transmitters, ff the mobile unit receives the zone iden- 
tification signals for the particular preselected zones, 
an indication of such status is provided to the user. 
Additionally, upon call initiation, a signal is transmitted 30 
to the cellular service system that indicates the mo- 
bQe unit is in zone. 

According to another aspect of the present inven- 
tion the marker signals include a synchronizing code 
that allows a mobile unit to synchronize itself with a 35 
series of time slots within which data is transmitted by 
the plurality of marker transmitters. 

According to yet another aspect of the present in- 
vention, the marker transmitters may transmit a jam- 
ming signal during the time slot when a zone identif i- 40 
cation signal is being transmitted by another marker 
transmitter to further shape the radio frequency cov- 
erage area in which the zone identification signal can 
be received by the mobile unit The power level at 
which the marker transmitters transmit the zone iden- 45 
tif ication signals and jamming signals can also be var- 
ied to shape the radio frequency coverage area. A 
zone computer is coupled to each of the marker trans- 
mitters via a communication link to control the power 
level at which the marker transmitters transmit 50 

In yet another aspect of the present invention, 
the marker transmitters also transmit a variable pass- 
word that is unique to the particular zone. The mobQe 
unit transmits the password back to the cellular sys- 
tem where the password received from the mobQe 56 
unit is compared with the password transmitted by 
the marker transmitters, ff the passwords are the 
same, the cellular service provider can be confident 
that the mobile unit is within a particular zone. By us- 



The foregoing aspects and many of the attendant 
advantages of this invention win become more readily 
appreciated as the same becomes better understood 
by reference to the following detailed description, 
when taken in conjunction with the accompanying 
drawings, wherein: 

FIGURE 1 is a diagram of a cellular telephone 
system according to the prior art; 
FIGURE 2 is a diagram of a cellular telephone 
system according to the present invention; 
FIGURE 3 is a detailed diagram of a pair of adja- 
cent zones that are marked by a pair of marker 
channel transmitters according to the present in- 
vention; 

FIGURES 4A, 4B and 4C illustrate how a marker 
transmitter is used to mark a zone and how the 
radio frequency coverage area of a marker chan- 
nel transmitter can be fine tuned; 
FIGURE 5 is a timing diagram showing the struc- 
ture of a marker signal transmitted by the plurality 
of marker channel transmitters according to the 
present invention; 

FIGURE 6 is a block diagram of a marker channel 
transmitter according to the present invention; 
FIGURE 7 is a flow chart of a method for pro- 
gramming a marker channel transmitter to mark 
a zone within a cellular service area according to 
the present invention; 

FIGURE 8 is a flow chart showing how a mobile 
telephone unit designed according to the present 
invention monitors the marker channel to deter- 
mine whether it is within a zone; 
FIGURE 9 is a flow chart of a method for pro- 
gramming a mobie telephone unit to send a sig- 
nal to a mobile telephone switching office that in- 
dicates whether the mobQe unit is within a zone 
according to the present invention; 
FIGURE 10 is a pictorial representation of a mo- 
bie telephone unit according to the present in- 
vention that includes means for indicating wheth- 
er the mobile unit is within a zone; and 
FIGURE 11 is a diagram that fllustrates how a pair 
of marker channel transmitters can be dynamical- 
ly programmed to mark a zone in the event a 
marker channel transmitter rails. 

Detailed Description of the Preferred Embodiment 

FIGURE 2 is a diagram of a preferred embodi- 
ment of a cellular telephone system 50 according to 
the present invention. The cellular telephone system 
50 comprises a plurality of cell site coverage areas 52 
each of which is serviced by cell site transceiver 54. 
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Together, the cell site coverage areas 52 define the 
cellular service area 55. The cell site transceivers are 
connected to a mobile telephone switching office 
(MTSO) 56 by a plurality of dedicated communication s 
links 58 such as telephone lines, microwave links, etc. 
The MTSO 56 interfaces with a public switched tele- 
phone network 60 to handle telephone calls to and 
from a plurality of mobile units 62 within the cellular 
service area. 10 

A major difference between the cellular tele- 
phone system 50 and the cellular telephone systems 
of the prior art (shown in FIGURE 1) is the division of 
the cellular service area 55 into a number of zones , 
Z 2 » Z 3 ,... Zn- These zones may be located in separate 15 
geographic areas or may overlap partially or com- 
pletely. The zone may be larger or smaller than a cell 
site coverage area 52. However, each zone typically 
has a diameter of approximately five miles. 

The cellular telephone system 50 according to 20 
the present invention allows the user of a mobile unit 
62 to contract with the cellular service provider that 
operates the cellular telephone system in order to se- 
lect one of the plurality of zones as a "primary" zone. 
Each time the mobile unft 62 makes or receives a tel- 25 
ephone call within the primary zone, the user is bflled 
according to a rate schedule set for that particular 
zone. For example, assuming the user of mobile unit 
62 has elected zone Z t as the primary zone, then 
each time the mobile unit 62 places or receives a tel- 30 
ephone call, a determination is made whether the unit 
is within the boundaries of zone Z 1a If the mobie unit 
is within zone Z,, an indication is provided to the user 
so that he knows he is in his primary zone. If, whfle 
in the primary zone, the user initiates or receives a 35 
telephone call, a signal is transmitted to the MTSO 56 
and the user is billed for the call at a rate set for that 
particular zone. For example, the cellular service pro- 
vider may wish to give a user a discount for calls made 
within the zone Z, and charge a premium for calls 40 
made outside the zone Zj. On the other hand, if zone 
Zi is located in a high density area, a user may be 
charged a premium rate for making or receiving calls 
within the zone. 

The cellular telephone system according to the 45 
present invention also allows a user to select one or 
more "secondary" zones. In addition to checking to 
see if the mobile unit is within its primary zone, the 
mobile unit checks to see if it is in one of its secondary 
zones. If the unit is within a secondary zone at the so 
time of call initiation, a signal is transmitted to the 
MTSO and the user is billed at a "secondary zone" 
rate. Additionally, the cellular service area may con- 
tain several "public zones" in such areas as airports 
or shopping malls. Hie mobile units of the present in- 55 
vention can also determine if they are located in a 
public zone and, if so, are bflled for calls made in a 
public zone at a "public zone" rate. In any event, one 
purpose of the cellular telephone system 50 accord- 



ing to the present invention is to be able to provide an 
indication to the user of the mobile unit 62, and to the 
MTSO 56, whether the user is inside or outside the 
boundaries of a particular zone— subject to the limit- 
ations of radio frequency propagation characteristics. 

FIGURE 3 shows a par of zones Z n and Z 2 includ- 
ed within the cellular service area 55 shown in FIG- 
URE 2. In the most simple case, a pair of marker 
channel transmitters Mi and M 2 (marker transmitters) 
transmit marker signals on a common, dedicated 30 
kHz cellular traffic channel or portion thereof. The 
marker channel is selected from the total set of cellu- 
lar traffic channels for the cellular service area. The 
marker signals allow the mobile unit 62 to determine 
whetherthe unit is within a particular zone. The mark- 
er transmitters M 1 and M 2 are interfaced with a zone 
computer 64 via a communication link 66 such as a 
telephone line or microwave link. 

Assume, for example, that the owner of the mo- 
bile unit 62 has contracted with the cellular service 
provider to select zone Z t as a primary zone and zone 
Z 2 as a secondary zone. The mobile unit will then at- 
tempt to determine if it is in one of these zones by per- 
iodically monitoring the marker signals transmitted on 
the marker channel. If the mobile unit detects that it 
is within zoneZ,, then the user will be billed at the pri- 
mary zone rate for any calls made within the zone. 
Similarly, if the mobile unit detects that it is within 
zoneZ* the user will be billed for any calls made with- 
in zone Z 2 at the secondary zone rate. If the mobile 
unit detects that it is within both zone Zj and zone Z 2 
(shown as the shaded area), the mobile unit decides 
which zone it is in according to a set of predetermined 
rules. For example, the rules may direct the mobile 
unit to choose a primary zone over a secondary zone, 
so that a mobile unit detecting that it is in both zones 
would designate itself to be in its primary zone. Other 
priority conditions may also be implemented. 

The signal transmitted by the mobile unit that in- 
dicates the mobile unit is within a zone comprises the 
zone identification signal and a password for the par- 
ticular zone so designated. Additionally, a "zone type 
code" may be transmitted that indicates to the MTSO 
whetherthe unit is in its primary, secondary or a pub- 
lic zone. These signals are transmitted in addition to 
the mobile unit's phone number which is transmitted 
to the MTSO under the current cellular communica- 
tions protocol. Therefore the MTSO is able to deter- 
mine which mobile unit is sending the signal, which 
zone the mobile unit is in and what password the mo- 
bile unit has received for the zone. With this data, the 
rate charged to the user can be varied based on the 
mobile units location within the zone. 

The boundaries of the zones Z, and Z 2 are drawn 
on a map of the cellular service area according to the 
marketing needs of the cellular service provider. For 
example, zone Z A is defined by the boundary line 68 
and zone Z 2 is defined by boundary line 70. Each 
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zone within the cellular service area is marked by the 
marker signal transmitted by each of the marker 
transmitters. FIGURE 4A illustrates a simple example 
of how a marker transmitter M, marks the zone Z, by s 
transmitting a marker signal. As is shown in FIGURE 
5 and discussed below, the marker signal is divided 
into a plurality of time slots with each slot marking a 
particular zone. For example, a time slot S t may be 
used to mark the zone Z A and a time slot S2 may be 10 
used to mark zone Z 2 , eta The mobfle unit 62 having 
zone Zi as its primary zone tries to receive the marker 
signal from marker transmitter Mi in time slot S t . If the 
mobile unit receives the marker signal that marks 
zone Zj, then upon can initiation, the mobile unit sig- 15 
nals the MTSO (not shown) that it is in its primary 
zone and the user will be billed accordingly. 

Due to the nature of radio frequency propagation, 
the boundary line 68 of zone Z A may not exactly co- 
incide with the radio frequency coverage area in 20 
which the marker signal transmitted by marker trans- 
mitter can be received by the mobile unit The radio 
frequency coverage area for marker transmitter M 1 is 
defined by boundary line 72. Thus, the shaded area 
shown in FIGURE 4A represents a bonus area where- 25 
in the mobile unit can determine that it is in the zone 
but is not actually in the boundary of the zone de- 
fined by boundary line 68. As can be appreciated, it 
is desirable for the cellular service provider to mini- 
mize the bonus area for each zone. 30 

FIGURE 4B shows how a second marker trans- 
mitter can be used to minimize the bonus area descri- 
bed above. The marker transmitter M 2 has a radio fre- 
quency coverage area defined by the boundary line 
74. If during the time slot when marker is transmit- 35 
ting the marker signals that mark zone 2%, the marker 
transmitter M2 transmits a jamming signal, then a mo- 
bile unit located in shaded region "A" will be less likely 
to correctly receive the marker signal transmitted 
from marker transmitter M v Therefore, the bonus 40 
area included within the boundary line 72 has been 
reduced by the area of the shaded region "A". 

Another problem that occurs when the radio fre- 
quency coverage area of a marker transmitter does 
not coincide with the boundaries of a zone is Qlustrat- 45 
ed in FIGURE 4C. Here, a zone Z 3 is defined by a 
boundary line 75. However, a marker transmitter M 3 
located in the zone has a radio frequency coverage 
area defined by boundary line 76. As can be seen, the 
zone Z3 includes a shaded region'B" that is not includ- 50 
ed in the radio frequency coverage area of marker 
transmitter If marker transmitter M 3 were the only 
transmitter used to mark zone Z3, a mobile unit locat- 
ed in region "B" would never determine that it is within 
zone Z3. To solve this problem, another marker trans- 55 
mitter M4 transmits the marker signal for zone Z3 dur- 
ing the same time slot when marker transmitter M 3 is 
transmitting the marker signal that marks zone Z3. 
Because marker transmitter M 4 has a radio frequency 



coverage area defined by boundary line 78 that in- 
cludes the region "B", a mobile unit in the region will 
be able to determine that it is in zone Z> By using two 
or more marker transmitters to mark a zone, any 
holes within a zone where a mobile unit cannot re- 
ceive the marker signals can be f flled. As wil be ap- 
preciated, using the marker transmitter M4 to mark 
zone Z3 means that a mobile unit located in a region 
"C" could determine that it is in zone Z 3 . However, the 
region C can be minimized by using the jamming tech- 
nique described above. 

The cellular telephone system according to the 
present invention combines the use of jamming and 
using more than one marker transmitter to mark a 
zone to shape the radio frequency coverage areas of 
the marker transmitters so they coincide more closely 
with the boundary of a zone as determined by the cel- 
lular service provider. Other techniques to shape a ra- 
dio frequency coverage area include the use of direc- 
tional antennas, varying antenna height and location, 
as well as varying the power level of the marker trans- 
mitters, as will be further described below. In the pre- 
ferred embodiment, the optimal location of the mark- 
er transmitters within the cellular service area is de- 
termined by using computer models of the radio fre- 
quency propagation characteristics of the marker 
transmitters in the cellular service area, as well as by 
field testing and adjusting the location of the de- 
ployed marker transmitters. 

FIGURE 5 is a timing diagram showing the struc- 
ture of a marker signal 80 that is transmitted by the 
plurality of marker transmitters. In a cellular tele- 
phone system that includes many hundreds of mobile 
units, those mobile units designed to work with the 
present invention periodically monitor the marker 
channel to determine if they are in a zone. The marker 
transmitters sequentially transmit the marker signals 
that mark the plurality of zones so that a mobile unit 
should have to monitor the marker channel for a time 
not longer than the length of the entire marker signal 
80 plus one time slot to determine if the mobile unit 
is in a zone. The marker signal 80 is divided into N 
time slots S 1f 83, ... S N . In the preferred embodi- 
ment, however, this number is twelve so that a mobile 
unit should monitor the marker channel for a time per- 
iod equal to thirteen time slots to determine if it is 
within a zone. As stated above, each zone within the 
cellular service area is marked by an appropriate data 
transmission within one of the twelve time slots. 

During each time slot, for example during time 
slot S*. several individual signals are transmitted. The 
codes include a synchronize code 82, a zone identi- 
fication signal 84, a password 86, and a series of par- 
ity bits 88. The synchronize code 82 is a predeter- 
mined pattern of bits that allows a mobfle unit to syn- 
chronize itself with the marker signal being transmit- 
ted. The synchronize code is transmitted simultane- 
ously at the beginning of each time slot by each mark- 
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er transmitter that is not operating as a jamming trans- 
mitter. Only the marker transmitters that mark a given 
zone transmit the zone identification signal 84 during 
a single time slot For example if marker transmitters 
M 1f M2 and M 3 are all used to mark a zone, then only 
marker transmitters M 1t M2 and M 3 wiD transmit the 
zone identification signal and the password for the 
zone as well as the parity bits during a particular time 
slot 

The password 86 is a dynamically changing code 
that is included to help prevent fraud on the cellular 
service provider. If an unscrupulous user were to alter 
his mobile unit so that the unit always signaled the 
MTSO to indicate the mobile unit was in its primary 
zone, the user would always be given an "in zone" 
rate on every call made or received regardless of the 
mobile unit's location. To prevent this, the marker 
transmitters transmit a randomly selected password 
for each zone in the cellular service area. The pass- 
word is generated by the zone computer, which trans- 
mits the new password to both the marker transmft- 
ters and a baling computer that interfaces with the 
MTSO. When a mobile unit is in a zone, it stores the 
received password. Should the password change, 
the mobile unit will update its memory accordingly. 
Upon initiating an in-zone call, the moble unit trans- 
mits the password back to a cell site transceiver which 
in turn forwards the password to a billing computer in- 
terfaced to the MTSO. The password transmitted by 
the marker transmitter is compared to the password 
received from the mobile unit If the passwords are 
not the same, then the cellular service provider 
knows that the mobile unit cannot really be in the 
zone and therefore should not be given the "in-zone" 
rate. Finally, the series of parity bits 92 are transmit- 
ted to allow the mobfle unit to detect and correct an 
error in the marker signal that may have occurred in 
transmission, as is well known to those skOled in the 
art of digital communications. 

Preferably, the rate at which the individual bits 
that comprise the marker signal 80 are transmitted is 
selected to be relatively slow, such as 100 
bits/second. The slow data rate allows zone computer 
64 to synchronize all the marker transmitters within 
the cellular service area. 

Also shown in FIGURE 5 is a timing diagram 
showing the structure of a jamming signal transmitted 
by a marker transmitter. As with a marker signal, the 
jamming signal includes jamming synchronize code 
83 and a jamming code 90 that are simultaneously 
transmitted by all the marker transmitters acting as 
jammers in a given time slot Hie jamming synchron- 
ize code is designed to interfere with the synchronize 
code 82, whDe the jamming code is designed to inter- 
fere with the zone identification signal 84, the pass- 
word 86 and the parity bits 68 in order to reduce the 
radio frequency coverage area in which a mobile unit 
can receive these codes correctly. 



In the preferred embodiment, the configuration 
of the marker signal is such that the time required for 
N+1 time slots to be transmitted is less than the time 
5 interval at which a page signal from a cell cite trans- 
ceiver is repeated on the forward control channel. In 
the current AMPS/NAMPS cellular communications 
protocol, a page signal is transmitted from the cell site 
transceivers to a mobile unit to alert the mobile unit 

10 to an incoming telephone call. This page signal is typ- 
ically repeated 5 seconds later. In order to minimize 
the chance of missing a page signal, the mobile units 
should not monitor the marker channel for more than 
5 seconds at a time. 

15 All zones within the cellular service area can be 
marked with twelve time slots by transmitting more 
than one zone identification signal during a single 
time slot For example some marker transmitters 
could transmit the zone identification signal that 

20 marks zone Z A during time slot S 1a Similarly other 
marker transmitters could transmit the zone identifi- 
cation signal that marks a zone Z30 in time slot Si as 
long as the radio frequency coverage areas in which 
the marker signals transmitted by the marker trans- 

25 mitters that mark zones Z t and Z30 do not overlap. 
With twelve time slots, a single marker transmitter 
can mark or jam up to twelve different zones. As will 
be appreciated by those skilled in the art the number 
of time slots that comprise the marker signal is easily 

30 variable. For example, another way of structuring a 
marker signal is to choose a longer string of time slots 
and thereby suffer a reduced possibility of receiving 
an incoming call, or one may choose to split the mark- 
er signal into a plurality of segments with each seg- 

35 merit being less than 5 seconds long. 

FIGURE 6 is a block diagram of a marker trans- 
mitter 100 according to the present invention. The 
marker transmitter 100 includes a microprocessor 
102, a memory 106, a mixer 108, an oscillator 110, a 

40 filter 112, a power amplifier 114, a power supply 118 
and an antenna 120. The microprocessor 102 is cou- 
pled to the zone computer 64 by a communications 
link 58. Preferably, the communications link 58 is a 
telephone line, fiberoptic cable or microwave link that 

45 directly connects the zone computer with the marker 
transmitter. The memory 106 is connected to the mi- 
croprocessor 102 by a bus 104. The memory 106 is 
used to store temporary variables such as the zone 
identification signals, passwords and power levels, 

so plus a computer program that drives the marker 
transmitter as will be described below. The micropro- 
cessor 1 02 formats and feeds the marker signal to be 
transmitted to the mixer 108 where the marker signal 
modulates an appropriate carrier signal received from 

55 an oscillator 110. In the preferred embodiment, the 
marker signal is Manchester encoded and frequency 
shift key (FSK) modulated to aid the mobile units in 
synchronizing themselves to the marker signal. The 
details of Manchester encoding and frequency shift 



6 



11 



EP 0 568 824 A2 



12 



key modulation are well known in the art and there- 
fore are not discussed here. The modulated carrier 
signal is transmitted through a filter 112 to a power 
amplifier 114 and broadcast on an antenna 120. A s 
power supply 118 is included to provide electrical 
power to the marker transmitter from a commercial 
AC source and may include a backup battery. 

Trie power at which the marker transmitter trans- 
mits the markersignals is controlled by the micropro- 10 
cessor 102. A power control signal is sent to the power 
amplifier 114 on a path 116. For example, all the zone 
identification signals may be transmitted at full power 
while the jamming signals may be transmitted at a va- 
riety of power levels in order to shape the size of zone is 
as described above. Thus, a marker transmitter might 
receive an instruction to transmit a jamming signal 
during time slot at one-half power and anot her jam- 
ming signal in time slot Sg at one-third power, etc. 
Zone computer 64 is responsible for coordinating the 20 
power levels transmitted by the marker transmitters. 
This coordination is based on a data base maintained 
by the zone computer. As described above, the place- 
ment of the marker transmitters, the power level at 
which the zone identification signals and jamming 25 
signals are transmitted and the time at which each 
marker transmitter transmits are defined with the as- 
sistance of a computer model of the radio frequency 
propagation characteristics within the cellular service 
area as well as by field test data The data base may 30 
be continually updated to refine the shape of the 
zones and improve the reliability of the system. 

FIGURE 7 is a flow chart of a computer program 
for operating each marker transmitter to mark one or 
more zones within a cellular service area. The pro- 35 
gram 150 begins at a start block 152 and proceeds to 
a block 154, wherein synchronizing data, zone iden- 
tification signals, passwords and power level data are 
obtained from the zone computer. This information 
tells the marker transmitter what zone identification 40 
signals are to be transmitted in what time slot as well 
as what the current password is for each zone that 
the marker transmitter marks. The information ob- 
tained from the zone computer in block 154 remains 
valid until the entire marker signal is transmitted. In 45 
the preferred embodiment, the zone identification 
signals are preassigned digital codes that correspond 
to a unique zone in the cellular service area. At the 
time a user contracts with the ceDular service provid- 
er to select a primary and one or more secondary 50 
zones, the zone identification signals that corre- 
spond to the zones selected are programmed into the 
mobile unit If the mobile unit receives a zone identi- 
fication signal on the marker channel that matches 
one of the zone identification signals stored in the 55 
mobile unrf s memory, the mobile unit knows that it is 
in either the mobile unit's primary or secondary zone. 

Once the synchronizing data has been obtained 
from the zone computer, the program proceeds to a 



block 158, wherein the time base that controls when 
the marker transmitter begins transmitting is adjusted 
according to the synchronize data received from the 
zone computer. The synchronizing data allows each 
marker transmitter within the cellular service area to 
adjust its time base so that it can transmit data simul- 
taneously with the other marker transmitters during a 
given time slot 

After block 158, the program proceeds to a block 
160, wherein the current slot number is determined 
(i.e., which of the N time slots shown in FIGURE 5 is 
currently being transmitted by the marker transmit- 
ters). After block 160, the program proceeds to a de- 
cision block 162, wherein the marker transmitter de- 
termines if it needs to transmit a zone identification 
signal during the current time slot If the answer to de- 
cision block 162 is yes, the program proceeds to a 
block 164 wherein the synchronize code, zone iden- 
tification signal, password and the parity bits are 
transmitted during the time slot The power level at 
which the signals are transmitted in block 164 are de- 
termined by the power level data obtained from the 
zone computer in block 154. 

If the answer to decision block 162 is no, meaning 
that the marker transmitter did not have to transmit a 
zone identification signal in the current time slot, the 
program proceeds to a decision block 1 66. In decision 
block 166, the marker transmitter determines if it 
needs to transmit a jamming code during the current 
time slot If the answer to decision block 166 is yes, 
the program proceeds to a block 168, wherein a jam- 
ming sync code and a jamming signal are transmitted 
at the same time the marker transmitters that mark 
the particular zone are transmitting the zone identifi- 
cation signals as in block 164. The power level at 
which the jamming sync code and jamming signal are 
transmitted is also determined by the power level 
data obtained from the zone computer in block 154. 

If the answer to block 166 is no, or after blocks 
164 or 168, the program tests to see if the entire 
marker signal has been transmitted. In the present 
preferred embodiment of the marker signal, this is ac- 
complished by determining if the time slot number is 
equal to twelve. However if more time slots were 
used, it would be accomplished by checking if the cur- 
rent slot number is equal to the last time slot in the 
marker signal. If the entire marker signal has not 
been transmitted, the program loops back to block 
160. If the entire marker signal has been transmitted, 
the program loops back to block 154. This process of 
obtaining the information from the zone computer 
and transmitting the marker signal is carried out con- 
tinually by the marker transmitters so that a mobile 
unit may monitor the marker channel at any time and 
determine whether it is in a zone. 

FIGURE 8 is a flowchart of a computer program 
that causes a mobile unit made according to the pres- 
ent invention to determine whether it is within a zone. 
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The program 1 75 begins when the mobile unit is pow- 
ered on as shown in block 177. After being powered 
on, the mobie unit acquires the cellular control chan- 
nel in a block 180 as is done in standard cellular tel- s 
ephone systems. After acquiring the cellular control 
channel, the mobile unit sets a variable, Count, to 
zero in a block 1 82. The Count variable is a loop coun- 
ter that keeps track of the number of times in a row 
the mobile unit has received or been unable to receive to 
a zone identification signal. 

After block 182, the mobile acquires the marker 
channel in a block 184. Next, the Count variable is in- 
creased by one in a block 186. After block 186, the 
mobile unit monitors the marker channel to determine is 
whether the mobile unit has received a zone identifi- 
cation signal that matches a zone identification signal 
stored within the mobile unit* s internal memory. If the 
mobile unit has not received a zone identification sig- 
nal, the mobile unit determines if the Count variable 20 
is less than two in a block 198. If the answer to block 
198 is yes, the program loops back to block 186, 
where the Count variable is increased. If the answer 
to block 198 is no, the user of the mobie unit is shown 
that the mobile unit is "out of zone," in a block 200. 25 
After block 200, the mobile unit monitors the cellular 
control channel for 30 seconds (block 204) before re- 
turning to the marker channel at block 184. Thus, a 
mobile unit that cannot receive a zone identification 
signal will continue to monitor the marker channel ev- 30 
ery 30 seconds until a zone identification signal is re- 
ceived or until a call is initiated. 

If the mobile unit has received a zone identifica- 
tion signal that matches a zone identification signal 
stored in the unit's memory, the program branches 35 
from block 186 to block 190. In Mock 190, it is deter- 
mined if the variable, Count, is greater than two. If 
Count is not greater than two. the program proceeds 
to block 194 and the user is provided with an indica- 
tion that the mobile unit is "in zone." After block 194, 40 
the mobile unit monitors the control channel for 60 
seconds in a block 196. After the 60 seconds, if the 
mobile unit has not initiated a call or received a page 
signal, the mobile unit returns to the marker channel 
to confirm that it is still in a zone. If the answer to block 45 
190 is no, the program proceeds to a block 192 where 
the mobile unit waits 10 seconds and sets the Count 
variable back to one. The program then proceeds to 
block 186 before monitoring the marker channel for 
another zone identification signal to be received. so 

Thus, when the mobile unit is in the idle state, it 
periodically leaves the control channel to monitor the 
marker channel in order to receive a zone identifica- 
tion signal. The presence or absence of a zone iden- 
tification signal allows the mobile unit to alert the user 55 
whether the mobOe unit is within a zone. If, during the 
idle state, the mobie unit receives a page signal or ini- 
tiates a call, an interrupt program is called that proc- 
esses the call and sends a signal to the cellular sys- 



tem that indicates whether the mobile unit is in or out 
of a zone. FIGURE 9 is a flowchart that shows the 
steps of the interrupt program 250 that is called when 
a page signal is received or a call is initiated at the mo- 
bSe unit 

The program 250 begins at a start block 252 and 
proceeds to a decision block 254, where it is-deter- 
mined if the mobile unit has received a page signal. 
If the mobile unit has received a page signal, then the 
program proceeds to a decision block 256. Decision 
block 256 waits until the operator has pressed the 
"send key" indicating that the operator wants to re- 
ceive the telephone call. Once the send key has been 
pressed, the program proceeds to set up the cellular 
call as is done in a standard cellular telephone system 
in a block 258. After the call has been set up, the pro- 
gram proceeds to a decision block 260, that tests 
whether the mobOe unit has detected it is within a 
zone. If the mobie unit has detected it is within a 
zone, the mobile unit transmits the received zone 
identification signal and the password for the zone to 
a cell site receiver on the reverse control channel in 
a block 262. Additionally, the mobile unit may transmit 
the "zone-type code" that indicates whether the mo- 
bOe unit is within its primary, secondary or a public- 
type zone in the block 262. After transmitting the sig- 
nal that indicates to the cellular system whether the 
mobile unit is in a zone, the cellular call is continued 
in the standard way in a block 266. If no signal is re- 
ceived by the cellular system, it is assumed that the 
mobile unit is not within a zone. After the call is com- 
pleted, the program returns in a block 290. 

If the mobile unit has not received a page signal 
but has initiated a call, the program proceeds to block 
272 that polls the status of the send key. When the 
operator presses the send key, the program proceeds 
to a block 274 where the call initiated by the mobile 
unit is set up. After block 274, the program proceeds 
to a decision block 267 that determines if the mobile 
unit has detected it is within a zone. If the mobie unit 
is within a zone, the zone identification signal and 
password are transmitted on the reverse control 
channel in a block 278. Again, the mobile unit may 
transmit a "zone type code" as described above. The 
cellular call is then continued in a block 282. After the 
call has been completed, the program returns in a 
block 290. 

As can be seen from the above description, the 
normal operation of the mobile unit is not affected by 
the present invention, with the exception of briefly 
monitoring the marker channel to determine if it is 
within a zone. The signals transmitted from the mo- 
bie unit to a cellular system in blocks 262 and 278 de- 
scribed above are accomplished when the user 
presses a "send" key on the mobile unit These sig- 
nals are transmitted on the standard reverse control 
channel that exists between the mobie unit and the 
cell site transceivers deployed within the cellular ser- 
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vice area. In the current AMPS/NAMPS cellular tele- 
phone protocol, there are some unused time slots 
during which the signals are transmitted. The zone 
identification signal and password are received by the s 
cell site transceivers and forwarded to the mobile tel- 
ephone switching office where the rate charged to 
the user for the call is adjusted based on his location 
within the cellular service area. 

A handset of a mobile unit according to the ores- 10 
ent invention is shown in FIGURE 1 0. The handset in- 
cludes an LED 325 that indicates to the user whether 
the mobile unit is located in zone. The LED is illumin- 
ated when the mobile unit detects that it is within a 
zone. In this way, a user knows whether a discount is 
wfll be given on a call made or received from the mo- 
bile unit's present location. A liquid crystal display 328 
is programmed to display whether the mobfle unit is 
in its primary, secondary or a public-type zone. 

Also shown in FIGURE 1 0 is a depiction of some 20 
of the variables stored within the mobfle unit* s mem- 
ory. For example, the mobfle unit shown in FIGURE 
10 has zone number 7 selected as its primary zone. 
Zones 3 and 5 have been selected as the unifs sec- 
ondary zones. Similarly, the mobile unit has zone 1 25 
stored as the public zone. The zone identification sig- 
nals stored within the mobile unit* s memory are com- 
pared to the zone identification signals received from 
the marker transmitters. If a zone identification signal 
is received that corresponds to the zone identification 30 
signal for zone number 7, then the mobfle unit knows 
it is within its primary zone. Similarly, if a zone iden- 
tification signal that corresponds to zone number 27 
is received, then the mobile unit knows it is within a 
public zone. The type of zone in which the mobfle unit 35 
is located is displayed to the user using the three 
light-emitting diodes 325 as described above. Other 
indicators on the mobile unit may be used to display 
the type of zone. 

FIGURE 11 is a diagram of a zone that ilustrates 40 
how the marker transmitter can be dynamically recon- 
figured according to the present invention. In this ex- 
ample, a zone Z25 is shown having included therein a 
marker transmitter M25. The marker transmitter M25 
transmits the marker signals that mark zone Z25. The 45 
boundaries of zone Z25 are defined by a boundary line 
330. Outside the boundary of zone Z25 are two other 
marker transmitters Ma and M27. These marker trans- 
mitters are used to mark and jam neighboring zones 
as described above. If the marker transmitter M25 so 
were to fail, then a user located within zone Z25 would 
not be able to receive a discount on calls made or re- 
ceived within the zone. However, the zone computer 
64 can instruct the marker transmitters and M27 
to simultaneously transmit the zone identification sig- 55 
nal for zone Z25 so that a mobfle unit will be able to 
detect that it is within the zone, presuming that the ra- 
dio frequency coverage areas of marker transmitters 
M26 and M27 cover the boundaries of zone Z25. The 



particular zone identification signals transmitted by a 
marker transmitter can be altered by changing the in- 
formation sent from the zone computer to the marker 
transmitters in block 154 shown in FIGURE 7. Which 
marker transmitter M» or M27 is needed to mark the 
zone is determined by the data base of radio frequen- 
cy propagation characteristics that is maintained 
within the zone computer 64. As described above, 
this data base is continually updated and improved so 
that a failure of one marker transmitter does not result 
in a degradation of service to the cellular customers. 

While the preferred embodiment of the invention 
has been illustrated and described, it will be appreci- 
ated that various changes can be made therein with- 
out departing from the spirit and scope of the inven- 
tion. For example, it is not necessary that all the 
marker transmitters operate in simulcast Instead, 
each marker transmitter could sequentially transmit 
its zone identification signal as well as passwords to 
be received by the mobile units. Therefore it is intend- 
ed that the scope of the present invention be deter- 
mined solely from the following claims. 

Claims 

1. A method for marking a predefined zone within 
an area serviced by a cellular telephone system 
that includes a plurality of cell site transceivers 
that transmit and receive signals to and from a 
mobfle unit on one or more control channels, and 
for determining if a mobfle unit is located within 
the predefined zone, the method comprising the 
steps of: 

transmitting a zone identification signal 
that identifies the zone on a marker channel, the 
zone identification signal being transmitted from 
a marker transmitter having a radio frequency 
coverage area that includes at least part of the 
zone; 

shaping the radio frequency coverage 
area of the marker transmitter so that the zone 
identification signal can be received by the mo- 
bile unit in an area that substantially corresponds 
to the boundaries of the predefined zone; and 

monitoring the marker channel at the mo- 
bie unit and transmitting a signal from the mobile 
unit that indicates the mobfle unit is within the 
zone if the zone identification signal is detected 
by the mobile unit 

2. The method of Claim 1 , wherein the marker chan- 
nel on which the zone identification signal is 
transmitted is separate from the control channels 
used by the cell site transceivers. 

3. The method of Claim 1 , wherein the step of shap- 
ing the radio frequency coverage area of the 
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marker transmitter further comprises the step of: 
transmitting the zone identification signal 
from a plurality of marker transmitters at substan- 
tially the same time, to thereby increase the area 5 
in which the zone identification signal can be re- 
ceived by the mobile unit 

4. The method of Claim 1, wherein the step of shap- 
ing the radio frequency coverage area of the 10 
marker transmitter further comprises the step of: 

transmitting a jamming signal from a sec- 
ond marker transmitter at substantially the same 
time as a zone identification signal is being trans- 
mitted from the first mentioned marker transmit- is 
ter, to thereby reduce the area in which the zone 
identification signal can be received by the mo- 
bile unit 

5. The method of Claim 1, further comprising the 20 
step of. 

transmitting a plurality of zone identifica- 
tion signals from a plurality of marker transmitters 
to mark a plurality of zones within the area ser- 
viced by the cellular telephone system. 25 

6. The method of Claim 5, wherein the plurality of 
marker transmitters sequentially transmit a mark- 
er signal that includes the plurality of zone iden- 
tification signals. 30 

7. The method of Claim 6, further comprising; 

dividing the marker signal into a plurality 
of time slots, wherein each zone identification 
signal that identifies a zone is transmitted during 35 
one of the time slots. 

8. The method of Claim 6, wherein the step of shap- 
ing the radio frequency coverage area of the 
marker transmitter further comprises the step of: 40 

synchronizing the plurality of marker 
transmitters to transmit a zone identification sig- 
nal during a single time slot to increase the area 
in which the zone identification signal can be re- 
ceived by the mobile unit 45 

9. The method of Claim 7, wherein the step of shap- 
ing the radio frequency coverage area of the 
marker transmitter further comprises the step of: 

synchronizing a second marker transmit- so 
ter to simultaneously transmit a jamming signal 
during a time slot when a zone identification sig- 
nal is being transmitted from the first mentioned 
marker transmitter to thereby reduce the area in - 
which the zone identification signal can be re- 55 
ceived by the mobile unit 

10. The method of Claim 1, further comprising the 
step of: 



varying the power at which a marker trans- 
mitter transmits the zone identification signal to 
shape the marker transmitter's radio frequency 
coverage area. 

11. The method of Claim 4, further comprising the 
step of: 

varying the power at which a marker trans- 
mitter transmits the jamming signal to vary the 
amount of reduction in the area in which the zone 
identification signal can be received by the mo- 
bie unit 

12. The method of Claim 7, further comprising the 
step of: 

transmitting a synchronize code at the be- 
ginning of each time slot from the plurality of 
marker transmitters. 

13. The method of Claim 5, further comprising the 
steps of: 

assigning a password to correspond to 
each of the plurality of zones; 

transmitting each of the passwords within 
the zone to which the password corresponds; 
and 

monitoring the marker channel at the mo- 
bile unit to detect a password and transmitting the 
detected password from the mobile unit to a mo- 
bile telephone switching office, wherein the mo- 
bile telephone switching office analyzes the 
password received from the mobile unit to deter- 
mine if the moble unit is within the zone to which 
the password corresponds. 

14. The method of Claim 2, wherein the marker chan- 
nel is a cellular traffic channel normally allocated 
to a cell site transceiver located within the area 
serviced by the cellular telephone system. 

15. The method of Claim 1 , wherein the signal trans- 
mitted from the mobile unit that indicates the mo- 
bie unit is within the zone is transmitted on a re- 
verse control channel that exists between the 
mobile unit and a cell site transceiver. 

16. The method of Claim 15, wherein the step of 
transmitting the signal from the mobile unit is per- 
formed after a user of the mobile unit has activat- 
ed a send button on the mobile unit 

17. The method of Claim 1, wherein the zone identi- 
fication signal comprises a digital code that is 
stored within the mobile unit, the method further 
comprising the step of: 

comparing the detected zone identifica- 
tion signal with the digital code stored in the mo- 
ble unit and transmitting the signal that indicates 
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the mobfle unit is within the zone if the received 
zone identification signal corresponds to the stor- 
ed digital code. 

5 

18. The method of Claim 5, further comprising the 
step of 

transmitting information from a zone com- 
puter to each of the plurality of marker transmit- 
ters, the information indicating the time at which to 
the zone identification signals are to be transmit- 
ted by each of the plurality of marker transmitters. 

19. The method of Claim 18, wherein the information 
transmitted from the zone computer includes a 15 
password that is to be transmitted for each zone 

and a power level at which the markers transmit- 
ters are to transmit the marker signals. 

20. The method of Claim 7, further comprising the 20 
step of 

transmitting more than one zone identifi- 
cation signal during a single time slot from more 
than one marker transmitter, provided that the ra- 
dio frequency coverage areas of the marker 25 
transmitters do not overlap. 

21. Trie method of Claim 5, further comprising the 
step of: 

monitoring the plurality of marker trans- 30 
mitters for a failure and, in the event a marker 
transmitter fails, transmitting a zone identification 
signal from at least one marker transmitter having 
a radio frequency coverage area that overlaps 
the radio frequency coverage area of the failed 35 
marker transmitter. 

22. The method of Claim 1, further comprising the 
step of: 

providing an indication to a user of the mo- 40 
bile unit whether the mobile unit has received the 
zone identification signal that corresponds to the 
predefined zone. 

23. A zone marker system for use in marking a zone 45 
within a cellular telephone system that includes 

a cell site transceiver that transmits and receives 
signals to and from a mobile telephone unit on 
one or more control channels in order to provide 
cellular telephone service within a cell site cover- 50 
age area, the zone marker system comprising: 

a plurality of marker transmitters for trans- 
mitting one or more zone identification signals on 
a marker channel wherein the marker transmit- 
ters transmit the zone identification signal in a ra- 55 
dio frequency coverage area that includes at 
least part of the zone; 

means for shaping the radio frequency 
coverage area of the marker transmitters so that 



the zone identification signals can be received by 
a mobile unit that substantially corresponds to 
the boundaries of the zone; and 

receiver means for receiving a signal from 
a mobOe unit that indicates whether the mobile 
unit has received the zone identification signal. 

24. The zone marker system as in Claim 23, wherein 
the mobile unit has stored therein one or more 
zone identification signals such that the mobile 
unit can compare the detected zone identification 
signal with the stored zone identification signals, 
the signal that indicates the mobile unit is within 
a zone being transmitted if the detected zone 
identification signal corresponds to one of the 
stored zone identification signals. 

25. The zone marker system as in Claim 23, wherein 
a plurality of marker transmitters transmit a mark- 
er signal that includes the plurality of zone iden- 
tification signals. 

26. The zone marker system as in Claim 25, wherein 
the marker signal is divided into a plurality of time 
slots, such that each zone identification signal 
that identifies a zone is transmitted during one of 
the time slots. 

27. The zone marker system as in Claim 23, wherein 
the means for shaping the radio frequency cov- 
erage area further comprises: 

a zone computer coupled to each of the 
marker transmitters, the zone computer operat- 
ing to synchronize the plurality of marker trans- 
mitters to transmit a zone identification signal dur- 
ing a single time slot to increase the radio fre- 
quency coverage area in which the zone identifi- 
cation signal can be received by the mobie unit 

28. The zone marker system as in Claim 26, wherein 
the means for shaping the radio frequency cov- 
erage area includes means for synchronizing a 
second marker transmitter to simultaneously 
transmit a jamming signal during a time slot when 
a zone identification signal is being transmitted 
from a first marker transmitter, to thereby reduce 
the radio frequency coverage area in which the 
zone identification signal can be received by the 
mobile unit 

29. The zone marker system as in Claim 28, wherein 
the plurality of marker transmitters each include: 

means for receiving a power level signal 
from the zone computer that indicates the power 
level at which the zone identification signals and 
jamming signals are to be transmitted by the 
marker transmitter; and 

a variable power transmitter that varies 
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the power at which a marker transmitter transmits 
the zone identification signals and jamming sig- 
nals in response to the power level signal. 

5 

30. The zone marker system as in Claim 23, wherein 
said marker channel is a voice channel that is al- 
located from the cell site transceivers. 

31. A mobile unit for use in a ceDuiar telephone sys- 10 
tern that includes one or more cell site transceiv- 
ers that transmit signals to and receives signals 
from the mobile unit on one or more control chan- 
nels, and a zone marker system that includes one 

or more marker transmitters that transmit a zone is 
identification signal that identifies a zone on a 
marker channel, the mobile unit comprising: 

means for monitoring the marker channel 
to detect the zone identification signal; 

means for transmitting a signal that indi- 20 
cates the mobile unit is within the zone if the zone 
identification signal is detected by the mobile 
unit 

32. The mobile unit as in Claim 31 , further compris- 25 
ing: 

storage means for storing one or more 
zone identification signals; and 

means for comparing a detected zone 
identification signal with the one or more stored 30 
zone identification signals, wherein the mobile 
unit transmits the signal that indicates the mobile 
unit is within the zone if the detected zone iden- 
tification signal corresponds to one of the stored 
zone identification signals. 35 

33. The mobile unit as in Claim 31, further compris- 
ing: 

means for indicating to a user of the mobile 
unit whether the mobile unit is within a zone. ao 

34. The mobile unit as in Claim 33, wherein the 
means for indicating to the user of the mobile unit 
whether the mobile unit is within a zone compris- 
es a light-emitting diode. 45 

35. The mobile unit as in Claim 31 , wherein the signal 
that indicates the mobile unit is within the zone 
is transmitted to a cell site transceiver on a re- 
verse control channel that exists between the so 
mobile unit and the cell site transceiver. 

36. The mobile unit as in Claim 31 , wherein the mark- 
er channel is a voice channel that is allocated 
from a cell site transceiver. 55 



12 



EP 0 568 824 A2 




FIG I 
(PRIOR ART) 



13 



EP 0 568 824 A2 




52, 




5? 



Si 



PUBLIC 



FIG. 2 

14 



EP 0 568 824 A2 




FIG.3 



15 



EP 0 568 824 A2 





Fl G.4B 




FIG.4C 



16 



EP0568 824 A2 



r 



N 



S 

N-l 



N 




Zone 
\.d.5)G>nal 



PASS- 

ttozo 



P4Z/7Y 

Bits 



34 x 86> T 88 
Jammia/s Code 



X 



90 



TIME 



SI6/V/AL 



FIG.5 



17 



EP 0 568 824 A2 




CD 
Ll_ 



.8? 




18 



EP 0 568 824 A2 



Oarf f&M 2&A/f OPMPVTEg. 



I 



ADJUST T/ME 39SE TV WE 



SU7T MJM8E& 



-/54 



/63 



3Ue timesldt^ 



Ho 

JAMWA/6 



1 



lDENT/F/CAT/DA/S/6ffll> 
PASSWOeD AND PA&W 
Sits m time SlcV 



ODE 7Z> 3E TEQa/S^ YES 
1/TT&D DUZ/A/6 
^ETM£ 



I 



fad 



51/ ml CODE /)tfp 
JMWt&CbDE /N 
TIME SLOT 



I 




FIG. 7 



19 



EP 0 568 824 A2 




20 



EP 0 568 824 A2 



254 

Mt s/6ML>^ yes 




5ET- up 
C£LLUi/)£> 
CALL 




iCEwificArm sisim. 

tftSSWZD ON 



CO//T/A/VF 



282 












Set- up 




COll 





253 




tftiSS- 



266> 



FIG.9 

21 



EP 0 568 824 A2 




1 


2 


3 


4 


5 


6 


7 


8 


9 


* 


0 





in zoic 





FIG.IO 



22 



EP 0 568 824 A2 



,330 



z 25 



'^27 



Zone 
Computer 



FIG. 1 1 



23 



